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Extended near infrared (2—5 /on) emission has been observed from 
three visual reflection nebulae, NGC 7023, 2023, and 2068. The 
emission from each nebula consists of a smooth continuum, which 
can be described by a greybody with a color temperature of 1000 
K end emission features at 3.3 and 3.4 /^m. The continuum 
emission cannot be explained by free-free emission, reflected light, 
or field stars, or by thermal emission from grains, with commonly 
accepted ratios of infrared to ultraviolet emissivities, which are in 
equilibrium with the stellar radiation field. A possible explanation 
la thermal emission from grains with extremely low ratios of 
infrared to ultraviolet emissivities, or from grains with a 
temperature determined by mechanisms other than equilibrium 
radiative heating. Another possibility is continuum fiuorescence. 


^ VisiUng Astronomer at the Infrared Tebscope Facility which is operated by the 
University of Hawaii under contract from the National Aeronautics and Space 
Administration. 
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L DiimoucnoN 

This paper reports phot^etric and spectrophotometrle observations ^ extended 
near infrared emission from three visual reflection nebulae, NGC 7023, 2023, and 206B. 
Ihese observations reveal that the near Infrared emission in all three nebulae eon^sts of a 
smooth continuum which can be described by a color temperature of ~ 1000 K, and strong 
emission features at 3.3 and 3.4 fan. Emission processes hitherto thought to be important 
in Infrared sources appear to be incapable c! explaining these observations. 

n. rasERvxnoNS 

Observations were made of NGC 7023. 2023, and 2066 on 1982 October 6-13 using the 
Infrared Telescope Facility at Mauna Kea Observatory. A solid nitrogen cooled InSb 
detector was used with standard photometric filters at /T (X = 2.20 fan. AX = 0.42 fim), L' 
(X * 3.77 fan, AX = 0.66 fan), and U (X = 4.6 fim, AX = 0.57 fan). A circular variable filter 
wheel 'vlth resolution from 1.9 to 3.7 fan was also used. 

The observations were made with a 12‘’ diameter diaphragm, and a spacing in right 
ascension between source and sky positions of 2-3’. Maps at 2.2 fan of the extended 
emission in the nebulae (Sellgren 1963) were consulted in order to ensure that the surface 
brightness of the sky positions was negligible. 

The observations were calibrated using standard techniques, described in more detail 
by Sellgren (1983). The observations of NGC 7023 have been corrected for the contribution 
of instrumental scattered light from the illuminating star of the visual reflection nebula. 
This correction, about 10% at most, was determined by observations of isolated bright 
stars. 

m. RESULTS 

Spectrophotometry of the extended emission in NGC 7023 and NGC 2023 from 1.9 to 
3.7 fan is shown in Figure 1. The near infrared emission consists of a smooth, relatively 
flat continuum and a bright emission feature at 3.3 fan, with a broad emission wing 
centered at 3.4 fan. These features at 3.3 and 3.4 fan have been observed in other 
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Infrarad lourcai (Aitkan 1961). Tha broadband photomairy at 2.2. 3.6 and 4.6 fjm is alao 
•hflfwn in FIgura 1. Tha 3.6 imi broadband Altar axtaiuis from 3.44 to 4.10 /mi. ao that it 
■hould axcluda tha atrong 3.3 (jm faatura and moat ctf tha waakar 3.4 fan faatura. Tha 
•pactra ^ both aourcaa look very aimllar. both in the emtinuum ahape and in tha atrangth 
of tha 3.3 fan feature relative to the ccmtinuum. 

Table 1 givea the 2.2, 3.6, and 4.6 fan aurface brightnaaaea ci all poaiticma obaerved in 
NGC 7023, 2023, and 2066. The ahape of the continuum eminion from NGC 7023 and 2023 
can be characterized by the temperature of a graybody paaaing through the broadband 
pointa. The 2.2 to 3.6 fon c(dor temperaturea can be aeen in Table 1 to be similar at all 
positions in these nebulae, ranging from 900 to 1100 K. The 2.2 to 4.6 fan ccdor 
temperature ranges from 900 to 1300 K 

The strength of the 3.3 fan enoission feature, relative to the continuum, also varies 
little amon g the various nebular positions. Table 1 gives the observed surface brightness 
at the peak of the 3.3 fan feature, measured with the IX circular variable Alter wheel. It 
also gives the ratio of the 3.3 fan feature, corrected for the continuum at 3.3 fan 
estimated from the 2.2 and 3.8 fan broadband points, to the 3.3 fan continuum. The 
featura-to-continuum ratio in NGC 7023, 2023, and 2066 is nearly constant, with v^alues 
between 3 and 6, and an average value of 6. For conoparison, the sources discussed by 
Dwek af al. (1960) have 3.3 fon feature-to-continuum ratios of 0.4 to 4, while the 
observations of the Orion nebula by Sellgren (1961) show that the 3.3 fan feature-to- 
continuum ratio in that source varies from < 0. 15 to 7 across the nebula. Thus the 3.3 fan 
featura*to-continuum ratios observed in the three reAection nebulae are among the 
highest found, «nd furthermeww are considerably more constant than is observed from 
source to source in other objects, or between different positions in spatial mapping of the 
Orion nebula. 
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IV. nscunoN 

Our observation! poet two sopajraiU quMtions. The first is the origin of the 
unidentified emission features, i^ch is a Long-standing mystery. The second is the source 
^ the extended continuum emlssim As is discussed below, the emission mechanisms 
believed to be important in other infrared sources are inadequate to explain the 
contimium emission, particularly the high and uniform cdor temperature over an 
extended region, the associaticm in these visual refiection nebulae of the strong 3.3 fan. 
feature with the anomalous continuum emission, as shown by the constant 3.3 fun 
feature-to-continuum ratio, suggests that the two phenomena may have similar 
e]q>lanations or even a common physical basis. 

a. 77ia A 5 emission /sofurs 

The emission feature at 3.3 fixn. and its wing at 3.4 /nn. observed in the three 
reflection nebulae, are two of six unidentified infrared emission features between 3.3 and 
11.3 fjm, usually seen together, fm: which neither the material nor the emission 
mechanism is known. The breadth of the features (Tdoinaga and Young I960; Grasdalen 
and Joyce 1976; Bregman and Rank 1975) indicate that the emitting material is in the solid 
phase. Current models for the emission mechanism, fluorescence excited by ultraviolet 
(UV) radiation (Allamandola, Greenberg, and Norman 1979) and thermal emission from 
small grains heated by UV radiation (Dwek ef al. 1960), fail to explain the observed 3.3 fjon 
emission in the reflectitm nebulae. The fluorescence model requires too high a UV 
fluorescence efficiency (Dwek sf al. 1960), vdiile the thermal emission model is unable to 
account for the high brightness temperature of the 3.3 emission, lOOK. 

b. The extended near infrarnd continuum omiaoion 

Many possible emission mechanisms have been investigated in searching for the 
source of the observed extended near infrared continuum emission; detailed argximents 
will be given in a later paper (Sellgren 1963). The following emission mechanisms appear 
to be unable to account for the continuum emission; 
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1) FrM’fn* tmtfnion. lltMurvmtntt of 6 om ominlon in NGC 2023 and 2068 and 
i^par Umita on 6 om amlartm Or«n NGC 7023 (Sallgran of at 1063) prodlot naar infrwtd 
■urteea brlghtneaaai dua to fraa-frea amiatlon accounting for Ian than IX of the obnrvad 
naar infrared eminion. 

2) RaJltcM tight. The obearvad aurfaca brightnan of NGC 2023 axoaada by a faetw 
of 3 at 2.2 /jm, and a factor of 20 at 3.8 fjm, the maximum aurfaca brightnan ponibla fn* 
raflactad light from ai^ of the known atallar aourcaa aaaociatad with tha ragicm. including 
the viaual illuminating atar. Similar^ NGC 7023 and 2068 are brighter by factora of 5-6 at 
3.6 pm than the maximum poaaible aurfaca brightnan oi reflected light. The true 
emitribution of reflected light to tha obaarvad infrared aurfaca brightnaas ia probably 
aigniflcantly Ina than tha maximum poaaibla. ainca tha actual nebular gaomatriaa and 
grain pr^artin will likely differ from thoaa which produce tlM maximum amount cd 
reflected light. 

S) Faint atars. An argument against tha obaarvad emiaalon being due to faint 
members of the stellar clusters associated with the reflection nebulae is that the emission 
appears uniformly extended, in diaphragms with diameters between 6*' and 60". 
Furthermore, Sallgren (1963) has shown, using tha surface density of stars and luminosity 
functions observed in these regions, that the expected 2.2 pm surface brightness from 
faint stars is < lOX of the observed 2.2 pm emission. 

4) Tharmal amiaaionfrom "narmaV' dusf. The observed constancy of the continuum 
color temperature with distance from the central star ia a problem for explaining the 
observations by thermal dust emission. A more severe problem, however, is the high value 
of the inferred dust ten 4 >erature. The brightness temperature of the 2.2 pm emission is ~ 
240 K in the three reflection nebulae, impl]ring a minimum dust temperature dt 240 K if 
the emission is due to thermal dust emission. In fact the dust presumably would have a 
temperature close to the observed color temperature of the emission, 1000 K, much 
higher than would be expected either fk*cxn calculations or by comparison with 
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obMnrAtioM of dull in othtr rtgiom. 

Ntar infrared •minion ia obnmd at a dlatanoo ci 1* (rmn th« •arty B atara, with 
luminoaltiaa I, ~ 4-12 x iCfi Lq^ which Uluminato tha viaual raflaotion nabula*. Tnia 1* 
diatanoa oorraaponda to r > 0.15 po at tha diataneaa df tha nabulaa (Vlotti 1969: Laa 1966). 
H tha graina ara in aquilibrium with tha atallar radiatim flald than tha duat tamparatura 

Tg ia glvan by fg * (i?ov I J^(16 ir o r* QalT^. wbara 9cy &nd 9m ara the Planck avaragad 
ultravi^et and infrared emiaaivitiaa, and a ia the StefanrBdtzmann conatant. With ~ 

i. 

10* Lq and r = 0.15 pc. T 4 = 17 {Qw/Qali* The Taluea of Qjr/Qw predicted frmn 
calcvilationa baaed on laboratory meaa\irementa of caxulidate grain materlala (Draine 1961: 
Jonea ef of. 1977: Jonea and Merrill 1976; Leung 1975; Aanneatad 1975) fall between thoae 
eorreaponding to infrared emiaaivitiea proportional to and X*^. These emiaaivltiea in 
turn in^ly 150 K. 

In the Orion ridge (Becklln ef of. 1976) grain tenq>eratiiraa of 60 - 300 K ara aaan, 
which, acalad to tha lower fluxea of heating radiation appropriate to the visual reflection 
nebulae, would cnrespond to r,g » 40 - 200 K. Thus grain parameters derived either from 
calculations or from observations in other regions predict grain temperatures far below 
the observed color temperature of 1000 K. and well below even the 2.2 fua brightness 
temperature of 240 K observed in NGC 7023. 2023. and 2066. Both tha far infrared 
observations (Whltcnnb nt of. 1961: Emersoa Fumisa, and Jennings 1975; Harvey. 
Thronaoa and Gatley 1960: Sargent 1962) and the radio observations (Sellgren at al. 1963) 
indicate the viaual illuminating stars are tbs most luminous stars in the reflection 
nebulae, so there do not appear to be ax^ other amirces heating which might jn-oduce 
higher grain temperatures in these nebulae. 

0 . SpmculxManM 

The problem with explaining the near Infrared emission lies in the shape of the energy 
distribution rather than its integrated luminosity, idiich is ~ 10~* of the total luminosity of 
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th» iliumiiuiting itart of tho Hiual rtflootion nobulat Tho imall luminoiity of tho 
unoiqplainod oontinuum omiiiiMi. and tha fact that thia emiaaion waa found in all thraa 
rafiacUon nabulaa obaarvad. argua that tha amlaaicm i^aarvad hara may ba a widaapraad 
|^xu>manon whoaa axnall contributim to tha total luminoalty of mwa conq>lax r«glona 
may have bean maakad by other near infrared continuum emiaaion mechaniama (e.g., 
fraa*fraa emiaaion) with larger aharea of tha total luminoalty. 

While aavaral mechaniama diaeuaaad above have failed to explain the obaerved 
emiaaion, other poaaibilitiea exiat adiich will be ex|dored in more detail in a later paper 
(Sellgren 1963). One poaaibUity ia thermal emiaaion from graina with a ratio of the average 
infrared emiaaMty to the average UV emiaaivity ~ 10 * ~ 10^ Umea lower than the ratio 
inferred from eaiculationa or obaervationa of other aourcea. in order to account for the 
extremely high color temperatures obaerved. In thia caae a mechaniam to hold the grain 
temperature conatant with distance from the star, such as a sublimation process, would 
also be needed. Another possibility for producing the obaerved continuum by thermal 
emission is very imall grains, which momentarily reach a high temperature following the 
absorption of individual UV photons or after collisions (Harwit 1975; Purcell 1976). The 
peak temperature of such a thermally fluctuating grain would be to first order 
independent of position, thus explaining the lack of a radial ten^erature gradient in these 
aources. A third possible explanation is that fiuorescence in graina produces not only 
emission features such as the 3.3 and 3.4 /mi features, as suggested by Allamandola. 
Greenberg, and Norman (1979), but also a smooth continuum extending at least from 2 to 
5 /im. Whatever the final explanation proves to be, it is clear that infrared observations of 
these nebulae have identified a phenomenon in the interstellar ci*udium whose existence 
has not been previously suspected, and whose explanation may lead us to a better 
understanding of interstellar grains. 
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(a) OSt^t trom UluminaOnf ftar of visual rtflaetion aabula. which is HD 200776, HD 37903, 
aod HD 30683-N for NGC 7023. 2023, and 2068 ratpaeUvsly. 
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(6) SurfftM MghtcMM mMiurvd nith bro«d band IMtan at 8.8, 3.9. tad 4.6 ftm, and with 
IX raaolution at tha p«iak ^ tha 3.3 ftm faatura, uaooireetad far oontlDuum. Unite 
art 10'* W m~* He** etar‘*. Ux^Miali^at ara at a and ara flaan only whan largn* 
than SX. AU Umite ara 3-o Urnlia, axe^t at NGC 801K, 60” S. whare tha 4.6 ftm 
obanwatlon given la a 8.6 a maaauramant. 

(o) C^or temperaturaa (K) detarmiiMd fr«n ratloe of aurfacc brlghtnaana at 8.8 and 3.6 
Mm. and tma ratloa at 8.8 and 4.6 ^m. 

(d) Surface brightnaaa in 3.3 fan faatura, corrected for continuum, divldad by 3.3 fim 
continuum eurface brlghtnara aetimatad fran ^aarvad aurfaca brlghtnan at 8.8 and 
3.6 fan. For NGC 7083 180” N, tha 3.6 fan aurfaca brightnaaa waa aetimatad from an 
average ratio tit 8.8 to 3.B fan t\irfaca brlghtnaana and tha maaaurad 8.8 ftm aurfaca 
brightnaaa. 
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ngor* Oiptton 

FIgurt 1. Sp^otrophotoautUy (3Utd eircl«i) with IX rtt^uUcm, bvm U to 3.7 It 
iihoim of (fogp) NQC 7C^t and {bt^om) NGC 2023. PtotomtUy (opaa tquarca) at 2.2. 3.8. 
and 4.6 fjm to alto thown. tmr hart indioata al o tiaUtUeal uneartalntiai wbrnt Urgar 
Uu\n 6 X. Tho uniU tjra mJy within a 12*' diamatar diaphragm; tha latt hand Mala rafart to 
NGC 7023 (top) whila tba right hand teala rafart to NQC 2023 (te^om). Tha nabular 
poaltioDf mtaturad ara (f^) W W W N of HD 200775. and (boMom) 60" S of HD 37M3. 
whara thata atari ara tha Ulumlnatlng atari ct tha aiaual radaction nabulaa. Alio ihown ia 
a cum rt|»'aiaming a gnybody 3t thrmigh tha 2.2 and 4.8 fm\ broad band 
maaiuramanti. Tha color tamparatura la 1300 K for NGC 7023 (fop) and 1200 K for NGC 
2023 (boifom). Tbi wavalangth eovaraga of tha 2.2 /tfn (A)> 3*6 um (I*), and 4.6 fan. (M) 
broad band filtara la alao ahown at tha bottom of tba 8gurt. 
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